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摘要 试验鱼以投喂饲料的不同和是否注射抗原共分为 1O组，即免疫组：A、B、C、D、E组，免疫对照组：a、 
b、c、d、e组，饲料对照组：A、a组。饲料试验组 B、C、D、E、b、c、d、e组。其中，饲料对照组 以豆粕和鱼粉为基础蛋 
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油菜是我国第一大油料作物，年产菜籽粕 600 

















试验用的异育银鲫(Carasius auratus gibelio) 
购于武汉市野芷湖渔场，体格健壮，规格一致，平均体 
重 120 g，分养于水泥池(4 )中。以曝气的自来水 
为水源，自然水温，试验鱼驯养 2周，待其适应环境、 
并确认无疾病症状后，开始试验。每 日喂食 2次 




为 10组，即免疫组为 A、B、C、D、E组，免疫对照组 
为 a、b、c、d、e组，每组 30尾。其中饲料对照组(A、 
a)以豆粕和鱼粉为基础蛋白源，饲料试验组分别以 
双低菜籽粕 (double-low rapeseed meal，DLRM)和 
普通菜籽粕(common rapeseed meal，CRM)等氮替 




硫甙分 别 为 32．28、117．63 ptmol／g，芥 子 碱 为 
1．17 、2．18 ，植酸为 2．62 、3．43 ，单 宁为 
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1．3 免疫接种 
将各组试验鱼喂养 6O d后开始免疫接种，以 
0．65 的灭菌生理盐水将福尔马林灭活的嗜水气单 
胞 菌 (formalin kiled Aeromonas hydrophila， 
F_AH)调整为 1．0×10。cfu／mL，对A、B、C、D、E组 
的每尾试验鱼经胸鳍注射 0．2 mL，作为免疫组，而 
对 a、b、c、d、e组的试验鱼注射 0．2 mL灭菌生理盐 
水，作为免疫对照组。 
1．4 采 血 
分别于免疫接种后的第 21、35、49天取样，从各 
组中分别随机捞取 5尾鱼，从尾静脉取血。将每尾 







铜网过滤去除组织块。以 600 r／min离心 10 min， 
将滤液中的细胞 清洗 3次，离心回收细胞并用 











(Amresco产品，活性为 2O 000 U／mg)为标准品，以 







1．10 攻 毒 
于免疫接种后第 49天，各组分别取 15尾供试 
鱼，经胸鳍基部对每尾鱼注射 0．2 mL 1．0×108 
cfu／mL嗜水气单胞菌活菌液。对攻毒后的鱼连续 
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的PP、PI最小，C、C组其次。从第 21天开始，E、e、 
C、C组的血液白细胞和头肾吞噬细胞的 PP、PI都显 






表 2 异育银鲫血液白细胞的吞噬活性 
Table 2 Phagocytic activity of the blood leucocytes of gibel carp 
1)表中同列数据后的不同字母表示差异显著(P<O．05)，下同 
Values folowed by diferent letters in the same column are significantly different(P<O．05)，the same afterwards 
表 3 异育银鲫头肾吞噬细胞的吞噬活性 
Table 3 Phagocytic activity ofthe head kidney phagocytes ofgibel carp 
2．2 菜籽粕对异育银鲫血清溶菌酶活性的影响 
结果如图 1和图 2所示。免疫组和免疫对照 
组的变化规律基本一致。从第 21天开始，饲料试 
验组 E、e、C、C组的溶菌酶活性显著低于相应饲料 






结果如表 4所示，血清补体 C3和 CA的变化规 
律一致，免疫组和免疫对照组的变化规律相似。从 
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21 35 49 
免疫后的天数，d 
Days after immunization 
ElAP_[[GroupA []B~_Group B 口C组 Group C 
口D组GroupD []E~_Group E 
图 1 免疫组异育银鲫的血清溶菌酶活性 
Fig、1 Serum lysozyme activity in the immunized groups 
1)图上方字母不同表示差异显著(P<O．05)，下同 
The different letters mean significantly difference 














2l 35 49 
免疫后的天数／d 
Days after[mmunization 
na组Group a 日h组 Group b g3c组 Group c 
lild组 Group d []e~_Group e 
图 2 免疫对照组异育银鲫的血清溶菌酶活性 
Fig．2 Serum lysozyme activity in the  
non-immunized control grou ps 
表 4 异育银鲫的血清补体(C3，C4)含量 






表 5 异育银鲫血清中凝集抗体效价和攻毒后的免疫保护率 
Table 5 Agglutinating antibody titers in serum and RPS of gibel carp after challenge 
1)方括号中的数字为几何平均数( 一5)；各组攻毒鱼尾数均为 15尾 Figures in square brackets indicates geometric average value( 一5)； 
1 5 fish of each group were chalenged with live Aeromonas hydrophila 
三 I^ 目 ld置 I^ 0∞^I 
【【_rIlE．已、 媳链粗涎 
三 I^ =0∞∞暑 0∞ 
一．_lg．『1 J／掣呈{龌坦媳 
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代 100 豆粕饲料的异育银鲫无论免疫组中还是免 
疫对照组中的死亡率都是最高的，其次是投喂用双 
低菜籽粕 100 替代豆粕饲料的试验组。各个免疫 
组在免疫接种后都产生了较强的免疫保护率，其中 
以A组最高，达到 81．9 ，E组最低，仅为 49．9 。 
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Effects of Rapeseed Meal on the Ability of Immune Response of 
Gibel Carp(Carassius auratus gibelio) 
ZHAO Fei WU Zhi—xin PANG Su—feng PENG Jianz NIE Pin。 CHEN Xiao-xuan 
(”College of Fisheries，Huazhong Agricultural University，Wuhan 430070，China； 
CollegeofAnimal Science and Technology，HuazhongAgricultural University，Wuhan 430070，China； 
∞Institute of Hydrobiology，Chinese Academy of Sciences，Wuhan 430072，China) 
Abstract The experimental fishes were divided into ten groups according to different feedstuff and 
whether or not immunized．Groups of A，B，C，D，E were formulated as the immunized groups and groups 
of a，b，c，d，e as the non-immunized control groups．A (a)groups contained 0 DLRM (double-low 
rapeseed mea1)and 0 CRM (common rapeseed mea1)．Soybean meal and fish meal were used as basic 
protein sources，which were formulated as the control groups．The test groups were formulated to isoni— 
trogenously replace the 50 (B，b；D，d)and 100 (C，c；E，e)soybean meal protein in A (a)groups 
with DLRM or CRM 。respectively．The possible effects of diets on phagocytic activity of the blood leuco— 
cytes and head kidney phagocytes，serum lysozyme activity，content of serum complement(C3，C4)，ser— 
um agglutinating antibody titers，relative percent survival were evaluated．Results showed that from the 
21th flay after immunization。these immunity indexes in E(e)groups and C(c)groups were much lower 
than that in A(a)groups．In the 49th day，these partial immunity indexes in D(d)groups were also sig— 
nificantly lower than that in A(a)groups．During the experimental period，these immunity indexes in B(b) 
groups remained unchanged and no significant differences with that in A (a)groups were observed．These immu— 
nity indexes of gibel carp in the immunized groups were significantly higher than that in other non-im unized 
control groups fed by the saIne feedstuf． 
Key words double-low rapeseed meal；common rapeseed meal；Carassius auratus gibelio；immune 
response 
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